1. Introduction {#sec0005}
===============

Diabetes is both clinically as well as genetically multifaceted group of disorders characterized by high blood glucose level \[[@bib0005]\]. Hyperglycemic condition arises due to shortage of insulin secretion or resistance developed by the cells of body against the insulin binding on its membrane receptors, or it may be the combination of both \[[@bib0005]\]. Epidemiological studies reported that 150 million people are affected by diabetes in the world and it may reach upto 300 million or even more by 2025 \[[@bib0010]\]. Diabetes is a global public health crisis that threatens the all nations; particularly Asian and European countries are highly influenced \[[@bib0015]\]. The epidemiological parameters such as sedentary lifestyle, intake of energy rich diet, change in food habits which results in are considered as major factors causing this disorder. Diabetes affects all the physiological functions of an organism by altering the normal utilization and metabolism of glucose the excess glucose self oxidizes. The self oxidation of glucose generates a chain of free radicals which causes membrane damages. Therefore, self oxidation of glucose causes various complications including hepatorenal abnormalities \[[@bib0020],[@bib0025]\], neuronal damages \[[@bib0030]\] and also reproductive complications \[[@bib0035]\].

Melatonin (N-Acetyl-5-methoxytryptamine) is a chronobiotic hormone predominantly secreted from vertebrate pineal gland and other selected organs called as extra pineal melatonin. It acts directly to detoxify reactive oxygen and reactive nitrogen species and indirectly by stimulating antioxidant enzymes while suppressing the activity of pro-oxidant enzymes. Earlier both *in-vivo* and *in vitro* studies reported that melatonin plays a key role in regulation glucose metabolism during pathogenesis of diabetes \[[@bib0040]\]. With increase in age synthesis of melatonin declines, this in turn may impacts the insulin signaling in aged rats. Melatonin level was found decreased in Goto kakizaki (GK) rats and human with T2D \[[@bib0045]\]. Melatonin is a well known synchronizing agent (zeitgeber), contributing in the control of circadian rhythms in different parts of the body and hence controls various metabolic and reproductive functions including sleep-wake cycle, food intake, energy metabolism, and gastrointestinal tract action \[[@bib0050],[@bib0055]\]. Further, it has been reported from previous studies that melatonin effects sleep, mediators of ingestion like ghrelin and leptin, adiposity and body weight regulation, etc. might be controlling the regulation of glucose homeostasis, metabolic syndrome and risk of diabetes \[[@bib0060],[@bib0065]\].

Blood is the principal transporting medium, which carries different fundamental physiological functions such as gaseous transportation (oxygen and carbon dioxide transporter) and nutrient supplementation. It also contains various immune cells which are defensive against the various pathogenic conditions. Blood works as transporter of metabolic products from and to the different areas of the cardiovascular system. Influx of altered biochemical and tissue products in the blood interacts with the components of blood and alters their functional ability. Change in the shape of red blood cells affects their flow rate (hemorheological), other cellular changes includes aggregation and deformability of erythrocytes, nonenzymatic glycosylation \[[@bib0070]\]. Diabetes leads to decrease in hemoglobin, HCT, MCV, MCH and MCHC level \[[@bib0075]\]. Diabetes also causes decrement in total white blood cell count (WBCC) and lymphocytes \[[@bib0080], [@bib0085], [@bib0090]\], while as platelet count increases \[[@bib0095]\]

Since decades insulin is a well known key regulator of metabolism. In the earlier studies it was reported that melatonin has inhibitory effect on insulin secretion. However, Ramracheya et al., 2008 reported that melatonin has stimulatory action on pancreatic β-cells, therefore stimulates the secretion of insulin via MT1 receptors present on β-cells \[[@bib0100]\]. Melatonin modulates the insulin secretion by MT1 and MT2 receptors and Gi-protein signaling cascade, it suppresses the insulin secretion by AC/cAMP (MT1 and MT2) and the GC/cGMP system (MT2) hence decreases the insulin release. Nonetheless melatonin couples with Gq, melatonin receptors activates phospholipase C, and hence melatonin induces insulin secretion by IP3-signaling pathway \[[@bib0105]\].

In the present study melatonin and insulin were administered simultaneously to the rats, in order to check whether exogenous melatonin has same stimulatory effect on insulin secretion. This was analyzed by investigating the various alterations in the hematological parameters caused by insulin deficiency during the diabetic condition.

Previous studies reported that diabetic patients suffering from ulcers are having lower telomerase activity in their leukocytes in comparison to non-diabetic people \[[@bib0090]\]. Previous studies reported that telomere shorting might be causing decrease in insulin secretion and glucose tolerance in mouse pancreatic β-cells that indicates a bilateral telomere-diabetes connection \[[@bib0095]\]. Chronic hyperglycemic condition causes elevated oxidative stress which in turn attenuates activity of telomerase of human leukocytes, ultimately causing decreased telomere length \[[@bib0110], [@bib0115], [@bib0120]\]. Endocrine disruptors (EDs) decreases the function of pancreatic β-cells, growth, peripheral insulin resistance, insulin production, β-cells mass (compensatory, hyperplasia/hypertrophy of β-cells) and reduces insulin output, insulin signaling and elevation apoptosis in β-cells \[[@bib0125]\]. The present study has been designed to explore the promising and valuable therapeutic potentials of alone and combined treatment of exogenous melatonin (as antioxidant, antigeing and cellular protective) and insulin (metabolic hormone) to compensate the deficiencies of these two hormones by comparing their efficacy with one of the clinically recommended antidiabetic molecule glibenclamide. Simultaneous administration of melatonin and insulin could prevent the glucose induced toxic manifestation on different hematological variables. It may therefore results in glucose homeostatic by regulating internal clock and rhythmic secretion of other metabolic hormones and hence governing the natural physiological rhythms of body function during the diabetic condition.

2. Materials and methods {#sec0010}
========================

2.1. Chemicals and reagents {#sec0015}
---------------------------

Streptozotocin (STZ), citrate monohydrate, sodium citrate, were purchased from Himedia limited, India and Sisco Reseach limited (SRL), India. Melatonin (MEL) and insulin (INS) were procured from Sigma Aldrich, USA and Actrapid Novo Nordisk, A/S-Denmark, Egyptian Trading Company respectively. Glibenclamide (GN), from Ahmadabad Gujrat, India. Blood was analysed by using automated haematology analyser following the instructions given in the machine operating manual (Analytical, India).

2.2. Animal maintenance {#sec0020}
-----------------------

All the experiment on the animals were conducted in accordance with institutional practices of Institutional Animal Ethics Committee (IAEC) of Guru Ghasidas Vishwavidayalaya, (Registration Number: 994/Go/ERe/S/06/CPCSEA) Bilaspur, CG India in its meeting held on 17.10.2015 and within the framework of revised Animals (Specific Procedure) Act of 2002 of Govt. of India on animal welfare.

Male wistar strain albino rats of same age weighing approximately 190 ± 10gm were purchased from Defence Research and Development Establishment (DRDE) Gwalior, M.P. India. Rats were acclimatized for two weeks before the initiation of the experiment under standard temperature, humidity and light with the supplementation of food and water ad libitum. Following acclimatization rats were randomly divided into nine groups containing six rats each.

All animal experimental procedures were approved by the Animal Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) under the Institutional Animal Ethics Committee at SLT institute of Pharmaceutical Sciences, Guru Ghasidas Vishwavidayalaya, Bilaspur, Chhattisgarh, India. All experimental procedures were performed in accordance with the national and international guidelines and regulations and were approved by SLT institute of Pharmaceutical Sciences, Guru Ghasidas Vishwavidayalaya, Bilaspur Institutional Animal Ethics Committee (Reference No. 157/IAEC/Pharmacy/2016).

2.3. Induction and confirmation of diabetes {#sec0025}
-------------------------------------------

Streptozotocin (STZ) was prepared in 0.1 M citrate buffer (pH-7.4) (15 mg/kg) and was injected intraperitoneally for six consecutive days. Blood glucose levels of animals were monitored using glucometer (ACCUCHECK) after 72 h of streptozotocin treatment. Diabetes was developed and stabilized over a period of 7 days. Total 54 rats were randomly selected for the experimental purpose and were divided into two major groups. Group-1 consisting twenty four (24) and were further sub-divided into four (4) different groups viz. group-I served as normal control, group-II served as melatonin treated, group-III served as insulin treated and group-IV served as glibenclamide treated. Group-2 consisting thirty (30) rats were given streptozotocin (STZ) injection (15 mg/kg) for 6 days. After confirmation of diabetes by measuring blood glucose level, animals having blood glucose level above 250 mg/dl) confirmed as diabetic. Thirty (30) Diabetic rats were further subdivided into following sub-groups and were given different therapeutic treatments, Viz group-I served as Diabetic control, group-II treated with melatonin, group-III treated with insulin, group-IV given treatment of melatonin and insulin and group-V were given treatment of glibenclamide respectively. All the experimental groups named and numbered as documented under experimental design ([Table 1](#tbl0005){ref-type="table"}), also whole experimental design has been explained in the [Flow chart](#fig0010){ref-type="fig"} diagram. Doses of melatonin and insulin have been prepared according to the previous method of sugden 1983 and Luippold et al., 2016 respectively with some modifications \[[@bib0130],[@bib0135]\].Table 1Experimental table.Table 1Group No.GroupsTreatmentNo. of Rats**Major Group-1 (24 Rats)**IControl (CON)0.1 M Sodium citrate buffer6IIMelatonin (MEL)1 mg/kg B. W. (4 weeks)6IIIInsulin (INS)0.5 ml (20units)/kg for 4weeks6IVGlibenclamide (GB)0.5 mg/kg B. W. (4 weeks).6**Major Group-2 (30 Rats)**IDiabetic15 mg/kg body weight, o. p.6IIDiabetic + Melatonin (MEL)STZ 15 mg/kg (6days)+1 mg/kg B.W.\
(4weeks)6IIIDiabetic + Insulin (INS)15 mg/kg (6days)+0.5 ml/kg for 4weeks6IVDiabetic + MEL + INS15 mg/kg (6days)+1 mg/kg+0.5 ml (20units)/kg (4 weeks)6VDiabetic + Glibenclamide (GB)STZ 15 mg/kg+0.5 mg/kg B.W.(4weeks)o.p.6Flow chartFlow chart representation of experimental design and allocation of rats into different experimental groups.Flow chart

At the end of experiment (4weeks), animals of each group were sacrificed following complete anesthesia (anesthetic ether). Blood was collected in EDTA coated vial for assessment of hematological variables.

3. Parameters studied {#sec0030}
=====================

3.1. Assessment of blood glucose level {#sec0035}
--------------------------------------

Blood glucose level in all the experimental groups was assessed and recorded during the experimental period ([Fig. 1](#fig0005){ref-type="fig"}; [Table 2](#tbl0010){ref-type="table"})Fig. 1Effect of exogenous melatonin and insulin on blood glucose level of streptozotocin (STZ) induced male diabetic rats. Histogram represents Mean + SE; N = 6. CON = Control, STZ = Streptozotocin, MEL = Melatonin, INS = Insulin, GB = Glibenclamide. \*\*p \< 0.01; \*\*\*p \< 0.001, \@F Value 14.8 \@Significant at 5% for ANOVA. CON vs STZ; STZ vs STZ + MEL; STZ vs STZ + INS; STZ vs STZ + MEL + INS; STZ vs STZ + GB.Fig. 1Table 2Effect of exogenous melatonin and insulin alone and in combination on STZ induced diabetic rat model with respect to the weekly blood glucose level and serum random sugar level in different experimental groups.Table 2GroupsWeekly changes in blood glucose level (mg/dl) Before Induction Week-I Week-II Week-III Week-IVRandom sugar level in serum (mg/dl)CON125 ± 10128 ± 8116 ± 3120 ± 5135 ± 466.34 ± 3.18Diabetic127 ± 15301 ± 11\*\*312 ± 10**\*\***320.33 ± 14**\*\*\***328 ± 16**\*\*\***94 ± 4.45\*Diabetic + MEL117.25 ± 9394.75 ± 14**\*\***280.25 ± 15\*243.25 ± 15\*\*221 ± 18\*\*69 ± 6.90\*MEL110 ± 7120 ± 12131 ± 10130.5 ± 8125 ± 1465.17 ± 3.22**\***Diabetic + INS118.25 ± 13394.75 ± 13**\*\***283.25 ± 6**\***219.25 ± 16**\***167.2 ± 10**\*\***68.67 ± 7.28INS110 ± 10123 ± 15135 ± 12132.5 ± 12130.5 ± 765.67 ± 4.36Diabetic + MEL + INS115 ± 7298 ± 9**\*\*\***248 ± 20**\*\***232 ± 20**\*\*\***224 ± 10**\*\*\***67.84 ± 3.71**\*\***Diabetic + GB114.25 ± 5384.25 ± 11**\*\***274 ± 17**\*\***186.75 ± 13**\***180.5 ± 12**\*\***66.5 ± 4.51**\***GB117.75 ± 7128 ± 16140.75 ± 11125.5 ± 17144.25 ± 563.17 ± 4.34[^1]

3.2. Estimation hematological variables {#sec0040}
---------------------------------------

Assessment of hematological variables is a very common and primary diagnostic important routine for the clinical evaluation of the state of health \[[@bib0140]\]. Examination of hematological variables helps to explain the blood related functions of consumed substances \[[@bib0145]\]. It also helps to evaluate that the hematological parameters to assess the level of deadly effects of diabetes on the blood of animals. 5 ml of venous blood was collected aseptically from retro orbital sinus by the method of Riley (1960) \[[@bib0150]\] by using EDTA tubes for each of the selected study subjects. Red blood cells (RBCs), hemoglobin (HB), hematocrit (HCT), leukocytes, platelets, lymphocytes, polymorphs, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), red blood cell distribution (RDW), platelet distribution width (PDW) were determined by using automated hematology following the manufactures instruction (Analytical, India).

3.3. Statistical analysis {#sec0045}
-------------------------

Statistical analysis of data was carried using the Statistical Package for Social Sciences (SPSS) for Microsoft Windows release 8.0 statistical software package. Dunken t-tests were used for multiple comparisons at a significance level of p ≤ 0.05, p ≤ 0.01, p ≤ 0.001. All values are expressed as Mean ± Standard Error of the Mean (SEM) \[[@bib0155]\].

4. Results {#sec0050}
==========

4.1. Combined effect of exogenous melatonin and insulin on blood glucose level {#sec0055}
------------------------------------------------------------------------------

Diabetic rats showed significant increase in blood glucose level. However, combined treatment of exogenous melatonin and insulin given to the diabetic rats revealed significant restoration in the blood glucose near to control range ([Fig. 1](#fig0005){ref-type="fig"}). Glucose lowering potential of melatonin might be due to its regulatory role (biological clock). Further, melatonin couples with Gq, melatonin receptors activates phospholipase-C, and hence melatonin inducing the insulin secretion by IP3-signaling pathway.

4.2. Combined effect of exogenous melatonin and insulin on weekly changes on blood glucose level {#sec0060}
------------------------------------------------------------------------------------------------

Diabetic control rats revealed significant incremental in blood glucose level. However, combined treatment of exogenous melatonin and insulin given to the diabetic rats revealed significant reversal in blood glucose level from week 1 to week 4 ([Table 2](#tbl0010){ref-type="table"}).

4.3. Combined effect of exogenous melatonin and insulin on hematological variables {#sec0065}
----------------------------------------------------------------------------------

Red blood cells (RBCs), hemoglobin (HB), hematocrit (HCT), leukocytes, lymphocytes, polymorphs, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), red blood cell distribution (RDW), platelet distribution width (PDW) showed remarkable decrement in streptozotocin induced diabetic control rats while combined administration of exogenous melatonin and insulin significantly restored the alterations in all these variables, whereas as platelet count exhibited significant increase in diabetic control rats, however exogenous melatonin and insulin treatment prevented further increase in platelet near to the control range ([Table 3](#tbl0015){ref-type="table"}, [Table 4](#tbl0020){ref-type="table"}, [Table 5](#tbl0025){ref-type="table"}, [Table 6](#tbl0030){ref-type="table"}).Table 3Combined effect of exogenous melatonin and insulin in an diabetic rat model with respect to the different red hematological parameters viz blood cells (RBCs), red blood cell distribution width (RDW), hemoglobin and hematocrit (HCT).Table 3Groups(RBC x10/μl)RDW (%)Hemoglobin (g/dl)HCT (%)CON9.03 ± 0.5822.13 ± 1.7814.98 ± 0.9942.97 ± 1.39Diabetic4.93 ± 0.45\*\*11.30 ± 1.25\*\*10.37 ± 0.68\*\*\*27.55 ± 2.01\*\*\*Diabetic + MEL6.01 ± 0.47\*\*17.92 ± 0.1.26\*11.89 ± 0.72\*\*35.35 ± 2.86\*\****%protection*26.3561.1232.9750.59**MEL8.84 ± 0.7122.01 ± 2.9614.85 ± 0.4539 ± 3.96Diabetic + INS6.71 ± 0.48\*20.98 ± 1.19\*13.1 ± 0.93\*\*37.43 ± 3.40\****%protection*43.4289.3959.2264.07**INS8.67 ± 0.3722.82 ± 1.4614.31 ± 0.9939.96 ± 2.65Diabetic + MEL + INS9 ± 0.40\*\*22.1 ± 1.9815.03 ± 0.47\*\*\*40.68 ± 2.89\*\****%protection*99.2699.72101.0885.14**Diabetic + GB6.28 ± 0.33\*\*19.71 ± 2.1813.8 ± 0.79\*\*\*33.86 ± 2.66***%protection*32.9277.6574.4040.92**GB8.65 ± 0.8822 ± 1.8114.78 ± 0.3739.98.34 ± 3.89**\@F Value3.388.4765.0165.443**[^2]Table 4Combined effect of exogenous melatonin and insulin in diabetic rat model with respect to the main corpuscular Hemoglobin (MCH), main corpuscular Hemoglobin concentration (MCHC) and main corpuscular volume (MCV).Table 4GroupsMCV (fl)MCH (pg)MCHC (%)CON58.22 ± 3.1919.8 ± 1.6642.28 ± 2.09Diabetic44.92 ± 2.14\*15.05 ± 1.47\*\*31.38 ± 1.50\*\*Diabetic + MEL53.52 ± 3.09\*17.81 ± 1.51\*\*36.4 ± 2.18\****%protection*64.6658.1046.05**MEL57.6 ± 2.2819.14 ± 1.4341.13 ± 2.06Diabetic + INS55.33 ± 2.47\*19.34 ± 1.64\*38.26 ± 2.93\****%protection*78.2790.3163.11**INS57.93 ± 3.7719.7 ± 0.8540.14 ± 1.80Diabetic + MEL + INS56.85 ± 2.88\*\*\*19.78 ± 0.89\*\*\*41.63 ± 2.08\*\****%protection***89.69101.7294.03Diabetic + GB53.3 ± 2.92\*17.73 ± 1.42\*39.01 ± 1.45\****%protection*63.0056.4270.00**GB57.41 ± 2.3719.98 ± 1.0841.6 ± 1.92**@ F Value4.6551.20911.871**[^3][^4][^5]Table 5Combined effect of exogenous melatonin and insulin in diabetic rat model with respect to the leukocytes, platelets and platelet distribution width (PDW).Table 5GroupsPDW (%)Platelets (x10^3^/μl)CON27.36 ± 0.9290.5 ± 2.20Diabetic20.07 ± 1.19**\*\***97 ± 32.01**\***Diabetic + MEL24.2 ± 1.93\*95.5 ± 3.08**\**%protection*56.6523.07**MEL27.43 ± 1.8689.67 ± 2.61Diabetic + INS24.61 ± 1.83\*90.33 ± 2.39 \****%protection*62.27102.61**INS27.16 ± 1.7389.67 ± 2.05Diabetic + MEL + INS27.21 ± 2.25 **\*\***90.33 ± 2.71 **\*\**%protection***97.94104.15Diabetic + GB22.86 ± 1.38\*94.16 ± 42.36\****%protection*38.2743.69**GB27.75 ± 2.8789.5 ± 3.36**@ F Value1.1520.233**[^6]Table 6Combined effect of exogenous melatonin and insulin in diabetic rat model with respect to the polymorphs, leukocytes and lymphocytes.Table 6GroupsLeukocytes (/Cmm)Polymorphs (%)Lymphocytes (%)CON20470 ± 1388.60\*\*74.2 ± 2.1522.95 ± 1.44Diabetic12399 ± 772.24\*\*45.43 ± 12.23\*\*11.03 ± 1.95\*\*\*Diabetic + MEL15561.83 ± 1017.28\*60 ± 4.31\*\*16.15 ± 1.36\*\****%protection*39.1850.6454.11**MEL20147.33 ± 702.1472.34 ± 1.9120.2 ± 0.72diabetic + INS14938.67 ± 104.35\*64.83 ± 2.93\*14.21 ± 1.76\****%protection*31.4667.4364.93**INS20063.83 ± 429.99\*\*\*73.26 ± 2.29\*\*10 ± 1.18Diabetic + MEL + INS17361.17 ± 830.26 \*\*\*62.88 ± 2.52\*\*\*21.86 ± 1.21\*\****%protection*61.4860.6593.03**Diabetic + GB19340.83 ± 712.11\*\*63.33 ± 2.13\*\*13.1 ± 1.47\****%protection*86.0062.2157.46**GB20328.33 ± 1253.6173.4 ± 1.9419.29 ± 0.97**@ F Value14.18438.48024.54**[^7][^8]

5. Discussion {#sec0070}
=============

Present study focused on coadminstrtaion of melatonin and insulin alone as well as in combination. Diabetic rats showed significant increase in the blood glucose level. However melatonin and insulin alone and in combination significantly lowered the blood mean as well as weekly blood glucose level. The results of the present study were strongly supported by previous finding which suggested that melatonin positively impacts on the β-cell proliferation/regeneration as well as inhibit apoptosis \[[@bib0160],[@bib0165]\]. The known basic mechanism for the streptozotocin leads to the production of antibodies. These auto-antibodies in turn act on the β-cell of the pancreas. Therefore, causes apoptosis of pancreatic β-cell, which finally leads to the impaired insulin synthesis and secretion \[[@bib0170],[@bib0175]\]. Pancreas damage is connected with the development of the diabetes. Destruction of pancreatic islet cells lead to decrease in insulin secretion and glucose increases in blood \[[@bib0180],[@bib0185]\]. This increased blood glucose causes oxidative stress and might be altering other physiological processes such reduced RBC count, hemoglobin glycosylation and other hematological impairments. Therefore, it has confirmed that melatonin protects the β-cell as well as accelerates their function. In case of the diabetes level of melatonin and insulin decreases which can be compensated by exogenous supplementation of melatonin along with insulin. This might signifies that protective action by counteracting diabetes induced stress, hence attenuates the oxidative stress induced β-cell damages and also protects them against the functional overstrain \[[@bib0180],[@bib0190],[@bib0195]\].

In diabetic rats red blood cells (RBC) count was found decreased significantly, due to the non-enzymatic glycosylation of RBC membrane protein which is directly associated with the hyperglycemic condition. Because high glucose level leads to the generation of toxic products alteration which causes many such as reduced production of bone marrow \[[@bib0200]\], affects the shape of RBCs result in anemia and low hemoglobin production \[[@bib0205]\], hence impairs their flow properties. Oxidation of these abnormally synthesized glycosylated membrane proteins in association with the hyperglycemic situation leads to the production of lipid peroxides. These peroxides increases membrane stiffness, decreases cellular deformability, decreases life span of RBCs and lipid fluidity and also causes hemolysis of RBCs \[[@bib0210]\]. Therefore, it might be a strong reason that diabetes patients also suffer from anemia \[[@bib0215],[@bib0220]\]. Anemia leads to the impaired healing wound, macrovascular diseases \[[@bib0225]\]. Administration of exogenous melatonin and insulin significantly normalized the RBC count because melatonin scavenges the peroxides, reduces membrane damages, simultaneously insulin competes for the regulation of glucose metabolism and hence prevents glycosylation of proteins \[[@bib0230],[@bib0235]\]. It could be inferred that melatonin and insulin might have stimulated the production or secretion of erythropoietin and stimulated stem cells in the bone marrow to produce red blood cells.

Reduction in the RBC indices such as HB, MCV, HCT, MCH and MCHC specified that inconsistent hemoglobin synthesis, anemia \[[@bib0240]\], failure of blood osmoregulation and plasma osmolarity \[[@bib0075]\]. The stimulatory effect of melatonin and insulin boosted the rapid synthesis of RBC which is supported by the increased in the level of HB, HCT, MCV, MCH and MCHC. Improved level of these parameters is correlated with increased level of hemoglobin in melatonin and administrated group of rats. Hence increases and restored the oxygen carrying capacity blood \[[@bib0245]\].

In diabetic rats total WBC count and its associated indices showed remarkable decrease, which is supported by previous studies that total white blood cell count (WBCC) and lymphocyte count decreases \[[@bib0080]\]. The decrease in WBC and lymphocytes could be interrelated to inhibition of leukocytosis from the bone marrow which might be due to the poor defensive mechanism against infection \[[@bib0085]\]. Diabetic rats given the exogenous supplementation of melatonin and insulin for four weeks significantly restored the WBC count and lymphocytes near the control level. Long term poor glycemic control happened because of the insulin absence/ deficiency \[[@bib0090]\].

Polymorphs include neutrophils, eosinophils and basophils are involved in different immune defense process. Neutrophils are the main leukocytes, functions as first line of defense; their decreased count might be contributing reduction in functional activity, which in turn impairs healing of wounds. Prolonged healing of wounds is the main problem in diabetic which in long term leads to the severe issues such as amputation of the infected organ. Therefore, diabetic patients are susceptible to any kind of infection, results in high morbidity and mortality. Decrease in the neutrophils count is also directly associated with the hyperglycemia induced neutrophils dysfunction via advanced glycosylation, production of oxygen free radicals, protein glycosylation. Eosinophils and basophils are especially involved with allergy and parasitic infections by controlling activation state of macrophages in the adipose tissue. Diabetes rats showed significant reduction in the polymorph count (neutrophils, eosinophils and basophils). However, rats receiving exogenous melatonin and insulin showed significant increment in these immune cells by preventing production of oxygen free radicals, protein glycosylation and advanced glycosylation. Present study is in agreement with the earlier studies reported that melatonin is a well known immune modulator, free radical scavenger. Insulin regulates the glucose metabolism, hence prevents the auto-oxidation of glucose, non-enzymatic protein glycosylation. Therefore, combined therapy of melatonin and insulin might have boosted the immune system by stimulating the immune system to increase the formation of polymorphs.

In the present study diabetes rats showed increment in platelet count. Earlier studies are in support, which reported that diabetes causes multiple abnormalities such as platelet hyper-reactivity with higher adhesiveness, activation and aggregation \[[@bib0080]\], increases in the rate of insulin resistance. The platelet abnormalities are related with increased clotting, impaired clot breakdown, endothelial dysfunction, and platelet hyper-reactivity. All these factors amplify the threat artherothrombotic incidents in diabetes \[[@bib0080]\]. The combined administration of melatonin and insulin significantly recovered the platelet count towards the control, might prevented their hyper-reactivity.

6. Conclusion {#sec0075}
=============

Findings of the present suggests that diabetes resulted in alterations in hematological parameters viz. decrease red blood cell count, hemoglobin, white blood cell count and associated physiological processes including decrease in blood volume, anemia, oxygen carrying capacity, including compromised immune status and clotting related problems. Since all these impairments were recovered following combined treatment of melatonin and insulin comparable with the glibenclamide treated diabetic rats as well as control healthy rats. It may be concluded that since the integrated and administration of melatonin and insulin might have inhibited the membrane protein peroxidative damages, non-enzymatic glycosylation of protein, stimulating the white blood cell formation and prevented the platelet aggregation, hence recovered and restored the diabetes induced hematological alterations in rats. Therefore, such co-administration of melatonin and insulin can be suggested as a beneficial therapeutic combination therapy for diabetic cases / disorder. However further studies are required to find out the pharmacological doses and molecular target of melatonin and insulin.
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[^1]: \@F Value 5.61 (Random sugar level). Data are Mean ± SE;N = 6. Abbreviations: CON = Control; STZ = Streptozotocin; MEL = Melatonin; INS = Insulin GB = Glibenclamide; @ Significant at 5 % for ANOVA. STZ vs CON STZ vs STZ + MEL.STZ vs STZ + MEL + INS.STZ vs STZ + GB Superscripts denotes; \*p \< 0.05; \*\*p \< 0.01; \*\*\*p \< 0.001.

[^2]: Data are Mean ± SE; N = 6. Abbreviations: CON = Control; MEL = Melatonin and INS = Insulin; GB = Glibenclamide; RBCs = Red Blood Cells; HCT = Hematocrit; RDW = Red Blood Cell Distribution Width; @ Significant at 5 % for ANOVA. Diabetic vs CON; Diabetic vs Diabetic + MEL; Diabetic vs Diabetic + INS; Diabetic vs Diabetic + MEL + INS; Diabetic vs Diabetic + GB. Superscripts denotes; \*p \< 0.05; \*\*p \< 0.01 and \*\*\*p \< 0.001.

[^3]: Data are Mean ± SE; N = 6. Abbreviations: CON = Control; MEL = Melatonin and INS = Insulin; GB = Glibenclamide; MCV = Mean corpuscular volume, MCH = Mean Corpuscular Hemoglobin; MCHC = Mean Corpuscular Hemoglobin Concentration; Significant at 5 % for ANOVA. Diabetic vs CON; Diabetic vs Diabetic + MEL; Diabetic vs Diabetic+.

[^4]: INS; Diabetic vs Diabetic + MEL + INS and Diabetic vs Diabetic + GB.

[^5]: Superscripts denotes; \*p \< 0.05; \*\*p \< 0.01.

[^6]: Data are Mean ± SE; N = 6. Abbreviations: CON = Control; MEL = Melatonin and INS = Insulin,GB = Glibenclamide; PDW = Platelet distribution width \@Significant at 5 % for ANOVA. Diabetic vs CON. Diabetic vs Diabetic + MEL, Diabetic vs Diabetic + INS; Diabetic vs Diabetic + MEL + INS. Diabetic vs Diabetic + GB. Superscripts denotes; \*p \< 0.05 ; \*\*p \< 0.01.

[^7]: Data are Mean ± SE; N = 6. Abbreviations: CON = Control; INS = Insulin; GB = Glibenclamide; @ Significant at 5 % for ANOVA. Diabetic vs CON; Diabetic vs Diabetic + MEL; Diabetic vs Diabetic + INS; Diabetic vs Diabetic + MEL + INS; Diabetic vs Diabetic + GB.

[^8]: Superscripts denotes; \*p \< 0.05; \*\*p \< 0.01; \*\*\*p \< 0.001.
